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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for forming a 
hydrophoblic porous SOG film that is an interlayer insulation film 
having a low relative permittivity and prevents water from coming into 
from the surface of the SOG film, to reduce moisture absorbency, 
where the relative permittivity does not change even if another 
interlayer insulation film is laminated on the SOG film by a CVD 
process or the like after forming the interlayer insulation film. 
SOLUTION: An organic silane solution containing silane, water, and 
alcohol is used, and the organic silane is subjected to acid or alkali 
hydrolytic treatment and thermally treated in the presence of a surface 
active agent, through which a porous Si02 film is obtained. Then, any 
of Si02 film, SiNx film, and SiOxNy film is formed on the surface of the 
porous Si02 film by the CVD method or sputtering, to cap the surface. 
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* NOTICES* 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The production approach of the hydrophobing porosity SOG film characterized by giving this organic silane 
to acidolysis or alkali hydrolysis, obtaining porosity Si02 film by heat-treating under existence of a surfactant, forming 
either Si02 film, the SflSfx film or the SiOxNy film in the front face of the porous membrane subsequently obtained by 
the CVD method or the spatter using the organic silane liquid containing an organic silane, water, and alcohol, and 
capping this front face. 

[Claim 2] The production approach of the hydrophobing porosity SOG film according to claim 1 characterized by 
being the organic oxy-silane which can hydrolyze said organic silane, and a surfactant being a cationic surfactant. 
[Claim 3] Said organic silane is TEOS or TMOS. A surface active agent Lauryl trimethylammonium chloride, n- 
hexadecyl trimethylammonium chloride, an alkyl trimethylammonium star's picture, Cetyl trimethylammonium 
chloride, a cetyl trimethylammonium star's picture, Stearyl trimethylammonium chloride, alkyldimethyl ethyl 
ammonium chloride, An alkyldimethyl ethylammonium star's picture, cetyldimethylethyl ammonium bromide, An 
octadecyl dimethyl ethylammonium star's picture, Or the production approach of the hydrophobing porosity SOG film 
according to claim 1 or 2 characterized by being the alkyl halide trimethylammonium system cationic surfactant chosen 
from methyl dodecylbenzyl trimethylammonium chloride etc. 

[Claim 4] The production approach of the hydrophobing porosity SOG film according to claim 1 to 3 characterized by 
using the acid for 8-15 mols of water, acidolysis, or alkali hydrolysis, 0.5-1.5 mols of alkali, and 0.1-0.4 mols of 
surfactants to one mol of said organic silanes. 

[Claim 5] Mix an organic silane, water, alcohol, and an acid or alkali, and on a semi-conductor substrate, carry out the 
spin coat of the organic silane liquid which added the surfactant further, and it is heat-treated. Porosity Si02 film is 
obtained by making this water, alcohol, and a surfactant evaporate. Subsequently The production approach of the 
hydrophobing porosity SOG film characterized by forming either Si02 film, the SiNx film or the SiOxNy film in the 
front face of the obtained porous membrane, and capping this front face by the CVD method or the spatter. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the production approach of the porosity SOG film, especially the 

production approach of the hydrophobing porosity SOG film. 

[0002] 

[Description of the Prior Art] While copper (Cu) wiring is introduced in the field of LSI in recent years, the researches 
and developments about wiring structure, an interlayer insulation film, etc. are done. Since it is difficult to decrease 
wiring delay effectively only by using Cu wiring, making this oxide film into porosity is proposed from a viewpoint of 
obtaining the film with still lower specific inductive capacity in a semi-conductor process, using the low specific- 
inductive-capacity oxide film (Si02 film) as an interlayer insulation film. For example, forming porosity Si02 film of 
low specific inductive capacity by silanizing inorganic [ SOG ] is proposed using the method of applying the 
conventional SOG (spin on glass). Moreover, plasma CVD is used, a plasma polymerization is carried out using an 
organic silane, and forming Si02 film of low specific inductive capacity is also proposed. 
[0003] 

[Problem(s) to be Solved by the Invention] When the laminating of the film is further carried out on it in semi- 
conductor processes, such as a CVD process, after formation of Si02 film by the conventional approach, there is a 
problem that specific inductive capacity will rise. In the case of porosity Si02 film formed using inorganic [ SOG ], in 
the case of that it is difficult for the path of a hole to become large too much, to form detailed pore, and to make 
specific inductive capacity a low value, and Si02 film formed using the organic silane, there are also not enough 
problems that heat-resistant temperature is low (450 degrees C or less), in respect of membraneous quality. 
[0004] Then, this invention persons did patent application as an application for patent No. 101478 [ 2000 to ] as of 
April 3, Heisei 12 about the production approach of the porosity SOG film that are the interlayer insulation film of low 
specific inductive capacity, and specific inductive capacity does not change even if it carries out the laminating of the 
film further on it according to the CVD process after this interlayer insulation film formation etc., in order to cancel the 
fault of the above-mentioned conventional technique. However, by porosity Si02 film obtained in this case, since that 
hole is carrying out orientation perpendicularly to the substrate, invasion of the moisture of the steam from a film front 
face etc. may become a problem. Moreover, since the inorganic SOG film contains a lot of OH radicals and an 
unreacted OH radical may remain also after baking, the moisture in an ambient atmosphere sticks to this residual OH 
radical, and there is also a problem of corroding wiring of aluminum etc. 

[0005] This invention is the interlayer insulation film of low specific inductive capacity which prevented invasion of 
the moisture from a film front face, and suppressed moisture absorption, and even if it carries out the laminating of the 
film further on it according to the CVD process after this interlayer insulation film formation etc., it makes it a 
technical problem to offer the production approach of the hydrophobing porosity SOG film that specific inductive 
capacity does not change, while canceling the fault of the above-mentioned conventional technique. 
[0006] 

[Means for Solving the Problem] this invention persons have developed wholeheartedly so that they may suppress 
moisture absorption of the obtained film, while they develop wholeheartedly so that they may choose various 
ingredients and may find out a suitable ingredient and a suitable reaction condition in order to obtain porosity Si02 
film of low specific inductive capacity from a viewpoint that the specific inductive capacity of an interlayer insulation 
film is so desirable that it is low, with a spin coat method. Consequently, by obtaining porosity Si02 film, and 
subsequently capping namely, covering the front face of this porous membrane with the film which consists of a 
specific ingredient by adding a surfactant to the system of reaction using an organic silane, even if specific inductive 
capacity is low and forms a cascade screen in the semi-conductor process after film formation, it succeeds in obtaining 
porosity Si02 film which does not have change in specific inductive capacity and by which hydrophobing was carried 
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out, and it came to complete this invention. 

[0007] Using the organic silane liquid containing an organic silane, water, and alcohol, the production approach of the 
hydrophobing porosity SOG film of this invention gives this organic silane to acidolysis or alkali hydrolysis, obtains 
porosity Si02 film by heat-treating under existence of a surfactant, forms either Si02 film, the SiNx film or the 
SiOxNy film in the front face of the porous membrane subsequently obtained by the CVD method or the spatter, and 
consists of capping this front face. Thereby, while moisture absorption of porous membrane is suppressed, even if it 
forms a cascade screen in the semi-conductor process of a back process, hydrophobing porosity Si02 film which does 
not have change in specific inductive capacity can be obtained. 

[0008] An organic silane is an organic oxy-silane of TEOS (tetramethyl orthochromatic silicate) or TMOS 
(tetramethoxy silane) which can be hydrolyzed. A surfactant A cationic surfactant, especially lauryl 
trimethylammonium chloride, n-hexadecyl trimethylammonium chloride, an alkyl trimethylammonium star's picture, 
Cetyl trimethylammonium chloride, a cetyl trimethylammonium star's picture, Stearyl trimethylammonium chloride, 
alkyldimethyl ethyl ammonium chloride, An alkyldimethyl ethylammonium star's picture, cetyldimethylethyl 
ammonium bromide, It is desirable that it is the alkyl halide trimethylammonium system cationic surfactant chosen 
from an octadecyl dimethyl ethylammonium star's picture or methyl dodecylbenzyl trimethylammonium chloride. 
[0009] As for the amount of each raw material used, it is desirable to use the acid for 8-15 mols of water, acidolysis, or , 
alkali hydrolysis, 0.5-1.5 mols of alkali, and 0.1-0.4 mols of surfactants to one mol of organic silanes. If the specific 
inductive capacity of the film obtained as water is less than eight mols does not become small but exceeds 15 mols, the 
solid-state of Si02 deposits. A predetermined reaction does not advance with an acid and alkali being less than 0.5 
mols, but if it exceeds 1 .5 mols, the system of reaction will solidify. The specific inductive capacity of the film 
obtained as a surfactant is less than 0.1 mols becomes high, and if it exceeds 0.4 mols, membraneous quality will 
worsen. In addition, it is added in order to adjust the concentration of the whole reaction mixture, and according to the 
viscosity of reaction mixture, the amount is adjusted and alcohol is added so that it may be easy to apply. 
[0010] Moreover, the production approach of the hydrophobing porosity SOG film of this invention Mix an organic 
silane, water, alcohol, and an acid or alkali, and on a semi-conductor substrate, carry out the spin coat of the organic 
silane liquid which added the surfactant further, and it is heat-treated. Porosity Si02 film as an interlayer insulation 
film is obtained by making this water, alcohol, and a surfactant evaporate. Subsequently It consists of forming either 
Si02 film, the SiNx film or the SiOxNy film in the front face of the obtained porous membrane, and capping this front 
face by the CVD method or the spatter. 
[0011] 

[Embodiment of the Invention] The production approach of hydrophobing porosity Si02 film of this invention As 
described above, the organic silane liquid containing an organic silane, water, and alcohol is used. Apply what added 
the surfactant in the liquid obtained by ****** which gives this to acidolysis or alkali hydrolysis on a semi-conductor 
substrate, and it is heated under existence of a surfactant. Porosity Si02 film is obtained by removing the matter, 
evaporating water, alcohol, and a surfactant, when other organic substances etc. are contained in the system of reaction 
and. Subsequently By the CVD method or the spatter, the hydrophobic film is formed in the front face of the obtained 
porous membrane, and this front face is capped. It becomes possible by many opening parts' (voidage's: about 60%'s or 
more) arising in the film, and becoming porosity in this way, and capping this porous membrane by the specific film to 
suppress invasion of moisture as a surfactant evaporates. 

[0012] If it is the organic oxy-silane which was described above and which can be decomposed as a raw material 
silane, it will be used without being restricted especially. As alcohol, if it is alcoholic system solvents, such as ethyl 
alcohol and isopropyl alcohol, it will be used, without being restricted especially. Even if hydrolysis is hydrolysis by 
the acid, it may be hydrolysis by alkali, and it can use alkali, such as organic acids, such as inorganic acids, such as a 
nitric acid and a hydrochloric acid, and a formic acid, and ammonia, for the hydrolysis. It is desirable to use an alkyl 
halide trimethylammonium system cationic surfactant which was described above as a surface active agent. As other 
surface active agents, for example, dimethyl DESHIRU benzyl ammoniumchloride, diethyl dodecylbenzyl 
ammoniumchloride, a trimethyl dodecyl ammonium star's picture, an ARIRUJIBUCHIRU dodecyl ammonium star's 
picture, diethyl acetonyl dodecyl ammoniumchloride, etc. can also be used. 

[0013] As described above, the amount of the above-mentioned raw material used is 8-15 mols about water to one mol 
of raw material organic silanes, and is 0.5-1 .5 mols about an acid or alkali, and it is desirable about a surfactant that it is 
0.1-0.4 mols. By choosing suitably the amount used and the heat-treatment conditions of this surfactant, it is possible to 
produce alternatively porosity Si02 film which has desired specific inductive capacity. 

[0014] As it described above, apply the obtained organic silane liquid by the methods of application, such as the usual 
spin coat method, on a semi-conductor substrate, and, subsequently heat-treat it using a well-known infrared heating 
furnace etc., and the organic substance of a water-alcoholic system solvent and a surfactant, and others etc. is made to 
evaporate, and porosity Si02 film is produced. The heat-treatment conditions in this case make this solvent, a 
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surfactant, etc. evaporate, and if it is the conditions which can obtain porous membrane, there will be especially no 
limit. What is necessary is to process at the temperature of about 200-350 degrees C in air, to be the temperature (for 
example, 250-500 degrees C) which makes a solvent mainly able to evaporate and can subsequently evaporate the 
organic substance of a surfactant and others etc. among the vacuum of about 100 to 10 - 5Pa, and just to process 
preferably, between the time amount by which the structure of the porous membrane obtained is not destroyed, in order 
to obtain porous membrane with low specific inductive capacity. 

[0015] Thus, the verification test was performed [ porous membrane / which was obtained ] about the hygroscopicity 
from a film side face as follows. The top face of porosity Si02 film produced on Si substrate and the side face were 
covered with the polyimide film. Four of two samples covered with the polyimide film of one sample were cut off, and 
the cross section of porosity Si02 film was taken out. The porosity test was performed for the thing with the condition 
of having covered, and the sample which took out the cross section of porosity Si02 film on the same conditions, and 
the existence of the moisture absorption from a porosity Si02 film side face was seen by comparing the specific 
inductive capacity after a trial. Consequently, since a difference was not accepted in the specific inductive capacity 
after the porosity test of a sample [ having covered with the polyimide film ], and the sample which cut off the side face 
and took out the cross section of porosity Si02 film, there is no outlet of a hole in the side face of porosity Si02 film, 
and it turns out that orientation of the hole of this porosity Si02 film is perpendicularly carried out to a substrate. 
[0016] Subsequently, on the above-mentioned porous membrane, by the CVD method or the spatter, either Si02 film 
of lOOnm or less of thickness, the SiNx film or the SiOxNy film is formed, and this porous membrane front face is 
capped. When the thickness of a cap layer is too thick, the capped insulator layer becomes thick too much, and there is 
a problem of moving against the flow of the technique of the semi-conductor process which is progressing towards 
thin-film-izing. Therefore, it is desirable to make it as thin as possible, taking the possible thickness of suppressing 
hygroscopicity into consideration. Moreover, a cap layer may be carried out further and may be prepared two or more 
layers. 

[0017] Thus, when electrodes, such as an aluminum electrode, are vapor-deposited and specific inductive capacity is 
measured about hydrophobing porosity Si02 obtained film, it turns out that the hydrophobing porosity SOG film 
suitable for the purpose of this invention is obtained. That is, the porosity SOG film without invasion of the moisture to 
porous membrane which carried out hydrophobing processing is obtained by forming a cap layer in a porosity Si02 
film front face by the above-mentioned approach. Furthermore, even if it carries out the laminating of other film on the 
porosity SOG film which carried out hydrophobing processing, the interlayer insulation film which does not almost 
have the rise of the specific inductive capacity of porosity Si02 film is obtained. 

[0018] If organic silanes, such as TEOS or TMOS, are preferably used as described above, it is possible to produce the 
interlayer insulation film of low specific inductive capacity of 60% or more of voidage, for example. If it reaches, for 
example to about 80% as voidage becomes high, since the contribution to the specific inductive capacity based on the 
physical properties of the ingredient which constitutes an insulator layer decreases and the effect of air becomes 
dominant, the interlayer insulation film of low specific inductive capacity will be obtained. Even if it uses the alkoxide 
which can be hydrolyzed instead of an organic silane from such a viewpoint, the hydrophobing porous membrane as a 
low specific-inductive-capacity interlayer insulation film is producible like the case of an organic silane. As such an 
alkoxide, alcoholates belonging to periodic-table 4A groups, such as Ti (0C3H7)4 and Zr (0C4H9)4, such as Ti and 
Zr, may be used, for example. 
[0019] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. 

(Example 1) As a raw material which prepares the reaction mixture for porosity Si02 film production, Si02 liquid for 
porosity SOG film was prepared to one mol of TEOS(s) using the surfactant of 0.7 mols [ of nitric acids ] H 2012 mols 
and 15 mols of ethanol, and the specified quantity, as a surface active agent — n-hexadecyl trimethylammonium 
chloride (the product made from Kanto Chemistry, trade name:CTACl) - one mol of TEOS(s) -- receiving - 0.1 and 
0.15 — 0. 2 or 0.25 mols added, and coating liquid was prepared. The spin coat of each coating liquid was carried out 
on condition that 3000 revolutions per minute on the semi-conductor substrate (sample-number A-H). Using the well- 
known infrared heating furnace, each applied substrate was processed at 200-400 degrees C among air at first, as shown 
in Table 1, subsequently, baking processing was carried out at 400 degrees C among the ambient atmosphere of 100 to 
ten to 5 Pa, and porosity Si02 film was obtained. In this case, time amount which carries out a temperature up from the 
first processing temperature of 200 degrees C to the processing temperature of 400 degrees C of degree process was 
made into 60 minutes, and, also in others, it was made into the same programming rate. Although especially this 
programming rate is not necessarily restricted, there are few film dry areas about the membraneous quality of the 
obtained film, and it should just be the range where leakage current also serves as a small value. Moreover, that what is 
necessary is just the range which the film structural failure does not produce, by this example, it held for 30 minutes 
and the holding time in vacuum firing was calcinated. 
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[0020] Subsequently, on the front face of porosity Si02 obtained film (thickness: 0.5 micrometers), by the CVD 
method or the spatter, Si02 film, the SiNx film, or the SiOxNy film (thickness: 50nm) was formed, and the front face 
of this porous membrane was capped. 

[0021] Thus, about hydrophobing porosity Si02 obtained film, after vapor-depositing an aluminum electrode, specific 
inductive capacity was measured using the specific-inductive-capacity measuring device made from HP (RF 
IMPEDANCE ANALYZER 4191 A). The obtained specific inductive capacity is shown in Table 1. 
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The inside of Table 1 and specific inductive capacity A are measured about the sample which vapor-deposited the 
aluminum electrode, without capping the hydrophobic film after forming porous membrane, and after specific inductive 
capacity B forms porous membrane, they measure it about the sample which vapor-deposited the aluminum electrode 
to what capped the hydrophobic film. 

[0023] When it processed at 200-350 degrees C among air and subsequently processed at 400 degrees C among a 
vacuum so that clearly from Table 1, the SOG film which has the low specific inductive capacity A of 1 .0-4.0 within 
the limits was obtained, and specific inductive capacity B hardly changed. Furthermore, the obtained hydrophobing 
porosity SOG film did not almost have the rise of specific inductive capacity, also when the laminating of the film was 
further carried out on it after formation of this film. 

[0024] About the case where the porosity SOG film is produced on a substrate according to the above-mentioned 
example, and the case where porosity Si02 film is produced on a substrate with the conventional technique (approach 
by silanizing inorganic [ SOG ]), the cross-section photograph ( drawing 1 ) was taken with the scanning electron 
microscope (SEM), and the membraneous condition of each porous membrane was observed. In the case of the film, 
from this SEM image, the hole (several nm - dozens of nm) of a big path was observed conventionally, but ( drawing 1 
(A)) by the SOG film of this invention, it turns out that it is a very small hole and is actually the hole lnm or less which 
cannot carry out SEM observation ( drawing 1 (B)). 

[0025] Moreover, as a surface active agent, also when lauryl trimethylammonium chloride (the Kao Corp. make, trade 
name:Kohtamin 24P) was used instead of n-hexadecyl trimethylammonium chloride, the same result as the above was 
obtained. 
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TECHNICAL FIELD 

[Field of the Invention] This invention relates to the production approach of the porosity SOG film, especially the 
production approach of the hydrophobing porosity SOG film. 
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PRIOR ART 



[Description of the Prior Art] While copper (Cu) wiring is introduced in the field of LSI in recent years, the researches 
and developments about wiring structure, an interlayer insulation film, etc. are done. Since it is difficult to decrease 
wiring delay effectively only by using Cu wiring, making this oxide film into porosity is proposed from a viewpoint of 
obtaining the film with still lower specific inductive capacity in a semi-conductor process, using the low specific- 
inductive-capacity oxide film (Si02 film) as an interlayer insulation film. For example, forming porosity Si02 film of 
low specific inductive capacity by silanizing inorganic [ SOG ] is proposed using the method of applying the 
conventional SOG (spin on glass). Moreover, plasma CVD is used, a plasma polymerization is carried out using an 
organic silane, and forming Si02 film of low specific inductive capacity is also proposed. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] When the laminating of the film is further carried out on it in semi- 
conductor processes, such as a CVD process, after formation of Si02 film by the conventional approach, there is a 
problem that specific inductive capacity will rise. In the case of porosity Si02 film formed using inorganic [ SOG ], in 
the case of that it is difficult for the path of a hole to become large too much, to form detailed pore, and to make 
specific inductive capacity a low value, and Si02 film formed using the organic silane, there are also not enough 
problems that heat-resistant temperature is low (450 degrees C or less), in respect of membraneous quality. 
[0004] Then, this invention persons did patent application as an application for patent No. 101478 [ 2000 to ] as of 
April 3, Heisei 12 about the production approach of the porosity SOG film that are the interlayer insulation film of low 
specific inductive capacity, and specific inductive capacity does not change even if it carries out the laminating of the 
film further on it according to the CVD process after this interlayer insulation film formation etc., in order to cancel the 
fault of the above-mentioned conventional technique. However, by porosity Si02 film obtained in this case, since that 
hole is carrying out orientation perpendicularly to the substrate, invasion of the moisture of the steam from a film front 
face etc. may become a problem. Moreover, since the inorganic SOG film contains a lot of OH radicals and an 
unreacted OH radical may remain also after baking, the moisture in an ambient atmosphere sticks to this residual OH 
radical, and there is also a problem of corroding wiring of aluminum etc. 

[0005] This invention is the interlayer insulation film of low specific inductive capacity which prevented invasion of 
the moisture from a film front face, and suppressed moisture absorption, and even if it carries out the laminating of the 
film further on it according to the CVD process after this interlayer insulation film formation etc., it makes it a 
technical problem to offer the production approach of the hydrophobing porosity SOG film that specific inductive 
capacity does not change, while canceling the fault of the above-mentioned conventional technique. 
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MEANS 



[Means for Solving the Problem] this invention persons have developed wholeheartedly so that they may suppress 
moisture absorption of the obtained film, while they develop wholeheartedly so that they may choose various 
ingredients and may find out a suitable ingredient and a suitable reaction condition in order to obtain porosity Si02 
film of low specific inductive capacity from a viewpoint that the specific inductive capacity of an interlayer insulation 
film is so desirable that it is low, with a spin coat method. Consequently, by obtaining porosity Si02 film, and 
subsequently capping namely, covering the front face of this porous membrane with the film which consists of a 
specific ingredient by adding a surfactant to the system of reaction using an organic silane, even if specific inductive 
capacity is low and forms a cascade screen in the semi-conductor process after film formation, it succeeds in obtaining 
porosity Si02 film which does not have change in specific inductive capacity and by which hydrophobing was carried 
out, and it came to complete this invention. 

[0007] Using the organic silane liquid containing an organic silane, water, and alcohol, the production approach of the 
hydrophobing porosity SOG film of this invention gives this organic silane to acidolysis or alkali hydrolysis, obtains 
porosity Si02 film by heat-treating under existence of a surfactant, forms either Si02 film, the SiNx film or the 
SiOxNy film in the front face of the porous membrane subsequently obtained by the CVD method or the spatter, and 
consists of capping this front face. Thereby, while moisture absorption of porous membrane is suppressed, even if it 
forms a cascade screen in the semi-conductor process of a back process, hydrophobing porosity Si02 film which does 
not have change in specific inductive capacity can be obtained. 

[0008] An organic silane is an organic oxy-silane of TEOS (tetramethyl orthochromatic silicate) or TMOS 
(tetramethoxy silane) which can be hydrolyzed. A surfactant A cationic surfactant, especially lauryl 
trimethylammonium chloride, n-hexadecyl trimethylammonium chloride, an alkyl trimethylammonium star's picture, 
Cetyl trimethylammonium chloride, a cetyl trimethylammonium star's picture, Stearyl trimethylammonium chloride, 
alkyldimethyl ethyl ammonium chloride, An alkyldimethyl ethylammonium star's picture, cetyldimethylethyl 
ammonium bromide, It is desirable that it is the alkyl halide trimethylammonium system cationic surfactant chosen 
from an octadecyl dimethyl ethylammonium star's picture or methyl dodecylbenzyl trimethylammonium chloride. 
[0009] As for the amount of each raw material used, it is desirable to use the acid for 8-15 mols of water, acidolysis, or 
alkali hydrolysis, 0.5-1.5 mols of alkali, and 0.1-0.4 mols of surfactants to one mol of organic silanes. If the specific 
inductive capacity of the film obtained as water is less than eight mols does not become small but exceeds 15 mols, the 
solid-state of Si02 deposits. A predetermined reaction does not advance with an acid and alkali being less than 0.5 
mols, but if it exceeds 1.5 mols, the system of reaction will solidify. The specific inductive capacity of the film 
obtained as a surfactant is less than 0. 1 mols becomes high, and if it exceeds 0.4 mols, membraneous quality will 
worsen. In addition, it is added in order to adjust the concentration of the whole reaction mixture, and according to the 
viscosity of reaction mixture, the amount is adjusted and alcohol is added so that it may be easy to apply. 
[0010] Moreover, this invention is characterized by providing the following in the production approach of the 
hydrophobing porosity SOG film. An organic silane Water Alcohol ** which mixes an acid or alkali, carries out the 
spin coat of the organic silane liquid which added the surfactant further, heat-treats it on a semi-conductor substrate, 
obtains porosity Si02 film as an interlayer insulation film by making this water, alcohol, and a surfactant evaporate, 
forms either Si02 film, the SiNx film or the SiOxNy film in the front face of the porous membrane subsequently 
obtained by the CVD method or the spatter, and caps this front face 
[0011] 

[Embodiment of the Invention] The production approach of hydrophobing porosity Si02 film of this invention As 
described above, the organic silane liquid containing an organic silane, water, and alcohol is used. Apply what added 
the surfactant in the liquid obtained by ****** which gives this to acidolysis or alkali hydrolysis on a semi-conductor 
substrate, and it is heated under existence of a surfactant. Porosity Si02 film is obtained by removing the matter, 
evaporating water, alcohol, and a surfactant, when other organic substances etc. are contained in the system of reaction 
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and. Subsequently By the CVD method or the spatter, the hydrophobic film is formed in the front face of the obtained 
porous membrane, and this front face is capped. It becomes possible by many opening parts 1 (voidage's: about 60%'s or 
more) arising in the film, and becoming porosity in this way, and capping this porous membrane by the specific film to 
suppress invasion of moisture as a surfactant evaporates. 

[0012] If it is the organic oxy-silane which was described above and which can be decomposed as a raw material 
silane, it will be used without being restricted especially. As alcohol, if it is alcoholic system solvents, such as ethyl 
alcohol and isopropyl alcohol, it will be used, without being restricted especially. Even if hydrolysis is hydrolysis by 
the acid, it may be hydrolysis by alkali, and it can use alkali, such as organic acids, such as inorganic acids, such as a 
nitric acid and a hydrochloric acid, and a formic acid, and ammonia, for the hydrolysis. It is desirable to use an alkyl 
halide trimethylammonium system cationic surfactant which was described above as a surface active agent. As other 
surface active agents, for example, dimethyl DESHIRU benzyl ammoniumchloride, diethyl dodecylbenzyl 
ammoniumchloride, a trimethyl dodecyl ammonium star's picture, an ARIRUJIBUCHIRU dodecyl ammonium star's 
picture, diethyl acetonyl dodecyl ammoniumchloride, etc. can also be used. 

[0013] As described above, the amount of the above-mentioned raw material used is 8-15 mols about water to one mol 
of raw material organic silanes, and is 0.5-1.5 mols about an acid or alkali, and it is desirable about a surfactant that it is 
0.1-0.4 mols. By choosing suitably the amount used and the heat-treatment conditions of this surfactant, it is possible to 
produce alternatively porosity Si02 film which has desired specific inductive capacity. 

[0014] As it described above, apply the obtained organic silane liquid by the methods of application, such as the usual 
spin coat method, on a semi-conductor substrate, and, subsequently heat-treat it using a well-known infrared heating 
fUrnace etc., and the organic substance of a water-alcoholic system solvent and a surfactant, and others etc. is made to 
evaporate, and porosity Si02 film is produced. The heat-treatment conditions in this case make this solvent, a 
surfactant, etc. evaporate, and if it is the conditions which can obtain porous membrane, there will be especially no 
limit. What is necessary is to process at the temperature of about 200-350 degrees C in air, to be the temperature (for 
example, 250-500 degrees C) which makes a solvent mainly able to evaporate and can subsequently evaporate the 
organic substance of a surfactant and others etc. among the vacuum of about 100 to 10 - 5Pa, and just to process 
preferably, between the time amount by which the structure of the porous membrane obtained is not destroyed, in order 
to obtain porous membrane with low specific inductive capacity. 

[0015] Thus, the verification test was performed [ porous membrane / which was obtained ] about the hygroscopicity 
from a film side face as follows. The top face of porosity Si02 film produced on Si substrate and the side face were 
covered with the polyimide film. Four of two samples covered with the polyimide film of one sample were cut off, and 
the cross section of porosity Si02 film was taken out. The porosity test was performed for the thing with the condition 
of having covered, and the sample which took out the cross section of porosity Si02 film on the same conditions, and 
the existence of the moisture absorption from a porosity Si02 film side face was seen by comparing the specific 
inductive capacity after a trial. Consequently, since a difference was not accepted in the specific inductive capacity 
after the porosity test of a sample [ having covered with the polyimide film ], and the sample which cut off the side face 
and took out the cross section of porosity Si02 film, there is no outlet of a hole in the side face of porosity Si02 film, 
and it turns out that orientation of the hole of this porosity Si02 film is perpendicularly carried out to a substrate. 
[0016] Subsequently, on the above-mentioned porous membrane, by the CVD method or the spatter, either Si02 film 
of lOOnm or less of thickness, the SiNx film or the SiOxNy film is formed, and this porous membrane front face is 
capped. When the thickness of a cap layer is too thick, the capped insulator layer becomes thick too much, and there is 
a problem of moving against the flow of the technique of the semi-conductor process which is progressing towards 
thin-film-izing. Therefore, it is desirable to make it as thin as possible, taking the possible thickness of suppressing 
hygroscopicity into consideration. Moreover, a cap layer may be carried out further and may be prepared two or more 
layers. 

[0017] Thus, when electrodes, such as an aluminum electrode, are vapor-deposited and specific inductive capacity is 
measured about hydrophobing porosity Si02 obtained film, it turns out that the hydrophobing porosity SOG film 
suitable for the purpose of this invention is obtained. That is, the porosity SOG film without invasion of the moisture to 
porous membrane which carried out hydrophobing processing is obtained by forming a cap layer in a porosity Si02 
film front face by the above-mentioned approach. Furthermore, even if it carries out the laminating of other film on the 
porosity SOG film which carried out hydrophobing processing, the interlayer insulation film which does not almost 
have the rise of the specific inductive capacity of porosity Si02 film is obtained. 

[0018] If organic silanes, such as TEOS or TMOS, are preferably used as described above, it is possible to produce the 
interlayer insulation film of low specific inductive capacity of 60% or more of voidage, for example. If it reaches, for 
example to about 80% as voidage becomes high, since the contribution to the specific inductive capacity based on the 
physical properties of the ingredient which constitutes an insulator layer decreases and the effect of air becomes 
dominant, the interlayer insulation film of low specific inductive capacity will be obtained. Even if it uses the alkoxide 
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which can be hydrolyzed instead of an organic silane from such a viewpoint, the hydrophobing porous membrane as a 
low specific-inductive-capacity interlayer insulation film is producible like the case of an organic silane. As such an 
alkoxide, alcoholates belonging to periodic-table 4A groups, such as Ti (OC3H7)4 and Zr (OC4H9)4, such as Ti and 
Zr, may be used, for example. 
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♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EXAMPLE __ 

[Example] Hereafter, the example of this invention is explained with reference to a drawing. 

(Example 1) As a raw material which prepares the reaction mixture for porosity Si02 film production, Si02 liquid for 
porosity SOG film was prepared to one mol of TEOS(s) using the surfactant of 0.7 mols [ of nitric acids ] H 2012 mols 
and 15 mols of ethanol, and the specified quantity, as a surface active agent - n-hexadecyl trimethylammonium 
chloride (the product made from Kanto Chemistry, trade name:CTACl) - one mol of TEOS(s) - receiving ~ 0.1 and 
0.15 - 0. 2 or 0.25 mols added, and coating liquid was prepared. The spin coat of each coating liquid was carried out 
on condition that 3000 revolutions per minute on the semi-conductor substrate (sample-number A-H). Using the well- 
known infrared heating furnace, each applied substrate was processed at 200-400 degrees C among air at first, as shown 
in Table 1, subsequently, baking processing was carried out at 400 degrees C among the ambient atmosphere of 100 to 
ten to 5 Pa, and porosity Si02 film was obtained. In this case, time amount which carries out a temperature up from the 
first processing temperature of 200 degrees C to the processing temperature of 400 degreies C of degree process was 
made into 60 minutes, and, also in others, it was made into the same programming rate. Although especially this 
programming rate is not necessarily restricted, there are few film dry areas about the membraneous quality of the 
obtained film, and it should just be the range where leakage current also serves as a small value. Moreover, that what is 
necessary is just the range which the film structural failure does not produce, by this example, it held for 30 minutes 
and the holding time in vacuum firing was calcinated. 

[0020] Subsequently, on the front face of porosity Si02 obtained film (thickness: 0.5 micrometers), by the CVD 
method or the spatter, Si02 film, the SiNx film, or the SiOxNy film (thickness: 50nm) was formed, and the front face 
of this porous membrane was capped. 

[0021] Thus, about hydrophobing porosity Si02 obtained film, after vapor-depositing an aluminum electrode, specific 
inductive capacity was measured using the specific-inductive-capacity measuring device made from HP (RF 
IMPEDANCE ANALYZER 4191 A). The obtained specific inductive capacity is shown in Table 1. 
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The inside of Table 1 and specific inductive capacity A are measured about the sample which vapor-deposited the 
aluminum electrode, without capping the hydrophobic film after forming porous membrane, and after specific inductive 
capacity B forms porous membrane, they measure it about the sample which vapor-deposited the aluminum electrode 
to what capped the hydrophobic film. 

[0023] When it processed at 200-350 degrees C among air and subsequently processed at 400 degrees C among a 
vacuum so that clearly from Table 1, the SOG film which has the low specific inductive capacity A of 1.0-4.0 within 
the limits was obtained, and specific inductive capacity B hardly changed. Furthermore, the obtained hydrophobing 
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porosity SOG film did not almost have the rise of specific inductive capacity, also when the laminating of the film was 
further carried out on it after formation of this film. 

[0024] About the case where the porosity SOG film is produced on a substrate according to the above-mentioned 
example, and the case where porosity Si02 film is produced on a substrate with the conventional technique (approach 
by silanizing inorganic [ SOG ]), the cross-section photograph ( drawing 1 ) was taken with the scanning electron 
microscope (SEM), and the membraneous condition of each porous membrane was observed. In the case of the film, 
from this SEM image, the hole (several nm - dozens of nm) of a big path was observed conventionally, but ( drawing 1 
(A)) by the SOG film of this invention, it turns out that it is a very small hole and is actually the hole lnm or less which 
cannot carry out SEM observation ( drawing 1 (B)). 

[0025] Moreover, as a surface active agent, also when lauryl trimethylammonium chloride (the Kao Corp. make, trade 
name:Kohtamin 24P) was used instead of n-hexadecyl trimethylammonium chloride, the same result as the above was 
obtained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (A) The scanning electron microscope (SEM) photograph about the cross section of the porous membrane 
obtained according to the conventional technique. 

(B) The scanning electron microscope (SEM) photograph about the cross section of the porous membrane obtained 
according to this invention. 
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